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DESCRIPTION 

MFTHOD OF PRODUCING CATALYST FOR THE PRODUCTION OF 

METHACRYLIC ACI D. 

Technical Field 

The present invention relates to a method of producing a catalyst for 
use in the production of methacrylic acid (hereinafter referred to as a catalyst 
for the production of methacrylic acid) by subjecting methacrolein to vapor 
phase catalytic oxidization with molecular oxygen, a catalyst for the 
production of methacrylic acid and a method of producing methacrylic acid. 

Background Art 

Japanese Patent Application Laid-Open No. 2000-296336 describes a 
method of producing a catalyst for the production of methacrylic acid, which 
comprises mixing a solution or a slurry containing at least molybdenum, 
phosphorous and vanadium and a solution or a slurry containing an 
ammonium compound and to the obtained mixture or mixed slurry, adding a 
solution or a slurry containing potassium or the like. 

However, the catalyst produced by the method described in this 
publication has an insufficient yield of methacrylic acid in some cases and an 
improved catalytic performance as an industrial catalyst is in demand. 

Disclosure of the Invention 
An object of the present invention is to provide a catalyst for use in the 
production of methacrylic acid by subjecting methacrolein to vapor phase 

j 



A, ' 

catalytic oxidization with molecular oxygen, which has a high yield of 
methacrylic acid, a method of producing the same and a method of producing 
methacrylic acid using the catalyst for the production of methacrylic acid. 

The above-mentioned problem can be solved by the present invention 
5 described in the following. That is, the present invention relates to a method 
of producing a catalyst for the production of methacrylic acid, which is used 
for producing methacrylic acid by subjecting methacrolein to vapor phase 
catalytic oxidization with molecular oxygen and which has a composition of 
the following formula (1), wherein, when mixing 100 parts by mass of a 

10 solution or a slurry (liquid A) containing molybdenum atoms, phosphorous 
atoms and vanadium atoms in which the content of ammonium species is 0 
„ to 1 .5 mol relative to 12 mol of the molybdenum atoms, 5 to 300 parts by 
mass of a solution or a slurry (liquid B) containing 6 to 17 mol of ammonium 
species relative to 12 mol of the molybdenum atoms contained in the solution 

15 A and a solution or a slurry (liquid C) containing an element Z, the liquid B is 
mixed with the liquid A, liquid C or a mixture of the liquid A and the liquid C 
over 0.1 to 15 minutes: 

PaMo b VcCUdXeY f ZgOh (1 ) 

in which P, Mo, V, Cu and O represent phosphorous, molybdenum, 
20 vanadium, copper and oxygen, respectively, X represents at least one 

element selected from the group consisting of antimony, bismuth, arsenic, 
germanium, zirconium, tellurium, silver, selenium, silicon, tungsten and boron, 
Y represents at least one element selected from the group consisting of iron, 
zinc, chromium, magnesium, tantalum, cobalt, manganese, barium, garium, 
25 cerium and lanthanum, Z represents at least one element selected from the 
group consisting of potassium, rubidium and cesium, a, b, c, d, e, f, g and h 
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represent an atomic ratio of each element, and when b=12, a=0.5 to 3, 
c=0.01 to 3, d=0.01 to 2, e=0 to 3, f=0 to 3 and g=0.01 to 3, and h represents 
an atomic ratio of oxygen necessary for satisfying the valence of each of the 
above-mentioned components. 
5 In the present invention, it is preferable to mix 5 to 100 parts by mass 

of the liquid C with the liquid A, the liquid B or a mixture of the liquid A and 
the liquid B over 0.1 to 30 minutes. 

In the present invention, it is preferable that the liquid B be a solution 
or a slurry which contains substantially no phosphorous, molybdenum, 

10 vanadium, copper, element X, element Y or element Z. In addition, it is 
preferable that the liquid C be a solution or a slurry which contains 
substantially no phosphorous, molybdenum, vanadium, copper, element X, 
element Y or ammonium species. 

The present invention also relates to a catalyst for the production of 

15 methacrylic acid, which is produced by the above-mentioned method. 

In addition, the present invention relates to a method of producing 
methacrylic acid, which comprises subjecting methacrolein to vapor phase 
catalytic oxidization with molecular oxygen in the presence of the 
above-mentioned catalyst for the production of methacrylic acid. 

20 According to the present invention, a catalyst for use in the production 

of methacrylic acid by subjecting methacrolein to vapor phase catalytic 
oxidization with molecular oxygen can be obtained which has a high yield of 
methacrylic acid. 

25 Best Mode for Carrying Out the Invention 

The catalyst produced according to the present invention is used for 
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producing methacrylic acid by subjecting methacrolein to vapor phase 
catalytic oxidization with molecular oxygen, and has a composition of the 
following formula (1 ): 

PaMObVcCUdXeYfZgOh (1 ) 

5 In the formula (1 ), P, Mo, V, Cu and O represent phosphorous, 

molybdenum, vanadium, copper and oxygen, respectively, X represents at 
least one element selected from the group consisting of antimony, bismuth, 
arsenic, germanium, zirconium, tellurium, silver, selenium, silicon, tungsten 
and boron, Y represents at least one element selected from the group 

10 consisting of iron, zinc, chromium, magnesium, tantalum, cobalt, manganese, 
barium, garium, cerium and lanthanum, Z represents at least one element 
„. selected from the group consisting of potassium, rubidium and cesium, a, b, c, 
d, e, f, g and h represent an atomic ratio of each element, and when b=12, 
a=0.5 to 3, c=0.01 to 3, d=0.01 to 2, e=0 to 3, f=0 to 3 and g=0.01 to 3, and h 

1 5 represents an atomic ratio of oxygen necessary for satisfying the valence of 
each of the above-mentioned components. 

The catalyst for the production of methacrylic acid is produced by 
mixing a solution or a slurry (liquid A) containing molybdenum atoms, 
phosphorous atoms and vanadium atoms in which the content of ammonium 

20 species is 0 to 1.5 mol relative to 12 mol of the molybdenum atoms, a 

solution or a slurry (liquid B) containing 6 to 17 mol of ammonium species 
relative to 12 mol of the molybdenum atoms contained in the liquid A and a 
solution or a slurry (liquid C) containing an element Z. 

The ammonium species refers to ammonia (NH 3 ) which can be 

25 converted to ammonium (NH 4 + ) or ammonium contained in an 
ammonium-containing compound such as an ammonium salt. 
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Preparation of Liquid A> 

The liquid A is prepared by dissolving or suspending at least 
compounds of molybdenum, phosphorous and vanadium in a solvent. The 
liquid A may contain, in addition to the molybdenum atoms, the phosphorous 
5 atoms and the vanadium atoms, copper atoms, an element X, an element Y, 
an element Z and ammonium species. 

The amount of the ammonium species contained in the liquid A is 0 to 
1 .5 mol, preferably 0 to 1 .0 mol relative to 12 mol of the molybdenum atoms. 
By setting the amount of the ammonium species to this range, a catalyst 

10 having a high yield can be obtained. The amount of the ammonium species 
contained in the liquid A can be adjusted by the amount of the catalyst raw 
material containing these or ammonia. 

As for the amount of the element Z which is contained in the liquid A, 
less one is preferable, it is more preferable not to be substantially contained. 

15 As the raw material of the catalyst used for preparing liquid A, an oxide, 

a nitrate, a carbonate and an ammonium salt of each element can be used 
by selecting appropriately. For example, examples of the raw material of 
molybdenum preferably include a compound which does not contain 
ammonium such as molybdenum trioxide and molybdic acid, but a small 

20 amount of various ammonium molybdates such as ammonium 

paramolybdate, ammonium dimolybdate and ammonium tetramolybdate may 
also be used. As the raw material of phosphorous, orthophosphoric acid, 
phosphorus pentoxide and ammonium phosphate can be used. As the raw 
material of vanadium, vanadium pentoxide and ammonium metavanadate 

25 can be used. In addition, as the raw material of molybdenum, phosphorous 
and vanadium, heteropoly acids such as phosphomolybdic acid, 
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molybdovanadophosphoric acid and ammonium phosphomolybdate may also 
be used. For each element, one or a combination of two or more kinds of 
the raw materials of the catalyst components may be used. 

Examples of the solvent for the liquid A include water, ethyl alcohol 
5 and acetone, and it is preferable to use water. The amount of the solvent in 
the liquid A is not particularly limited but the content ratio (mass ratio) of the 
molybdenum compound contained in the liquid A to the solvent is preferably 
1 :0.1 to 1 :100, more preferably 1 :0.5 to 1 :50. By setting the amount of the 
solvent to this range, a catalyst having a high yield can be obtained. 

1 0 The liquid A may be prepared by stirring at room temperature, but it is 

preferable to prepare by stirring under heating. The heating temperature is 
preferably not lower than 80°C, more preferably not lower than 90°C. The 
heating temperature is preferably not higher than 150°C, more preferably not 
higher than 130°C. By setting the heating temperature to this range, a 

1 5 catalyst having a high activity can be obtained. The heating time is 

preferably not less than 0.5 hour, more preferably not less than 1 hour. By 
setting the heating time to this range, the reaction of the catalyst raw 
materials proceeds sufficiently. The heating time is preferably not more 
than 24 hours, more preferably not more than 12 hours. 

20 Preparation of Liquid B> 

The liquid B is prepared by dissolving or suspending an ammonium 
species-containing compound in a solvent. The liquid B may contain, in 
addition to an ammonium species-containing compound, phosphorous atoms, 
molybdenum atoms, vanadium atoms, copper atoms, an element X, an 

25 element Y and an element Z, but these elements are preferably not 
contained substantially. 
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The amount of the ammonium species contained in the liquid B is not 
less than 6 mol, preferably not less than 7 mol relative to 12 mol the 
molybdenum atoms contained in the liquid A. In addition, the amount of the 
ammonium species contained in the liquid B is not more than 17 mol, 
5 preferably not more than 15 mol relative to 12 mol the molybdenum atoms 
contained in the liquid A. By setting the amount of the ammonium species 
to this range, a catalyst having a high yield can be obtained. 

The ammonium species-containing compound used for preparing the 
liquid B means ammonia or various ammonium salts, and specific examples 
10 include ammonia (aqueous ammonia), ammonium carbonate, ammonium 
hydrocarbonate and ammonium nitrate. One or a combination of two or 
more kinds of the ammonium species-containing compounds may be used. 

Examples of the solvent for the liquid B include water, ethyl alcohol 
and acetone, and it is preferable to use water. The amount of the solvent in 
15 the liquid B is not particularly limited but the content ratio (mass ratio) of the 
ammonium species-containing compound contained in the liquid B to the 
solvent is preferably 1 :0.1 to 1 :100, more preferably 1 :0.5 to 1 :50. By 
setting the amount of the solvent to this range, a catalyst having a high yield 
can be obtained. 

20 The liquid B may be prepared by stirring at room temperature, but it 

may be prepared by heating up to about 80°C, if necessary. However, in 
the case of using aqueous ammonia which is an ammonium 
species-containing compound as it is, such preparation step is not 
necessarily required because aqueous ammonia contains water which is a 

25 solvent. 
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Preparation of Liquid C> 

The liquid C is prepared by dissolving or suspending at least a 
compound of ielement Z in a solvent. 

The liquid C may contain, in addition to the element Z, molybdenum 
5 atoms, phosphorous atoms, vanadium atoms, copper atoms, an element X, 
an element Y and ammonium species, but these elements and ammonium 
species are preferably not contained substantially. 

In the present invention, the element Z is preferably cesium because a 
superior effect can be achieved. 
10 As the catalyst raw material of the element Z, a nitrate, a carbonate 

and a hydroxide of each element can be used by selecting appropriately. 
For example, as the raw material of cesium, a cesium nitrate, a cesium 
carbonate and a cesium hydroxide can be used. For each element, one or 
a combination of two or more kinds of the catalyst raw materials may be 
15 used. 

Examples of the solvent for the liquid C include water, ethyl alcohol 
and acetone, and it is preferable to use water. The amount of the solvent in 
the liquid C is not particularly limited but the content ratio (mass ratio) of the 
molybdenum compound contained in the liquid A to the solvent is preferably 
20 1:0.1 to 1:100, more preferably 1:0.5 to 1:50. 

The liquid C may be prepared by stirring at room temperature, but it 
may be prepared by heating up to about 80°C, if necessary. 
<Mixing of Liquid A, Liquid B and Liquid C> 

In the present invention, the method of mixing the liquid A, the liquid B 
25 and the liquid C is not particularly limited. For example, any method, such 
as a method in which a mixed liquid AB by mixing liquid A and liquid B is 
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mixed with liquid C, a method in which a mixed liquid AC by mixing liquid A 
and liquid C is mixed with liquid B, and a method in which a mixed liquid BC 
by mixing liquid B and liquid C is mixed with liquid A, can be adopted. Of 
these, the method in which a mixed liquid AC by mixing liquid A and liquid C 
5 is mixed with liquid B is preferable. Alternatively, liquid B and/or liquid C 
may be mixed by dividing into two or more portions and examples thereof 
include a method in which a mixed liquid ABCi by mixing A, part of liquid C 
(liquid Ci) and liquid B is mixed with the rest of the liquid C (liquid C2), and a 
method in which a mixed liquid AB1C by mixing liquid A, part of liquid B 

10 (liquid Bi) and liquid C is mixed with the rest of the liquid B (liquid B2). At 
this stage, the ratio (molar ratio) of the catalyst raw materials contained in the 
liquid C1 (or liquid B1) to the catalyst raw materials contained in the liquid C2 
(or liquid B 2 ) can be changed to any ratio ranging from 0:100 to 100:0, and 
the ratio is preferably 10:90 to 90:10, particularly preferably 20:80 to 80:20. 

1 5 Mixing is usually carried out with stirring. 

In the present invention, the amount of the liquid B is 5 to 300 parts by 
mass, preferably 1 0 to 200 parts by mass relative to 1 00 parts by mass of the 
liquid A. The present inventors have found that the time for mixing the liquid 
B with other liquids has a great influence on the performance of the catalyst 

20 to be produced and that a catalyst having a particularly high yield of 

methacrylic acid can be obtained by specifying the mixing time. The mixing 
time was not at all studied in Japanese Patent Application Laid-Open No. 
2000-296336. In the present invention, the time for mixing liquid B with 
other liquids is 0.1 to 15 minutes. The mixing time is preferably not less 

25 than 0.5 minute, and more preferably not less than 1 minute. The mixing 
time is not more than 14 minutes, and more preferably not more than 13 
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minutes. Here, the "mixing time" refers to the time for adding all of the liquid 
B to other liquids and in the case of mixing by dropping, the time refers to the 
dropping time and the stirring after dropping is not included. In addition, in 
the case of adding liquid B in portions, the time is until all of the liquid is 
5 mixed, that is, the total of the mixing time of each portion. 

Further, the amount of the liquid C is preferably 5 to 100 parts by mass, 
more preferably 10 to 70 parts by mass relative to 100 parts by mass of the 
liquid A. The time for mixing the liquid C with other liquids is not particularly 
limited, but it is usually 0.1 to 30 minutes. The mixing time is preferably not 

10 less than 0.5 minute, and more preferably not less than 1 minute. The 

mixing time is preferably not more than 28 minutes, and more preferably not 
more than 25 minutes. The mixing time in this case is synonymous with the 
above mixing time of the liquid B. 

In the present invention, the liquid B and/or the liquid C prepared may 

15 be divided or the liquids may be prepared separately. In the case of 

separate preparation, each may be prepared using the same raw materials or 
different raw materials as long as the liquid B contains the essential 
ammonium species and the liquid C contains the essential element Z. In 
addition, the content ratio of the raw materials and the content ratio of the 

20 solvent in each divided liquid of the liquid B and/or the liquid C may be the 
same or different. 

Mixed liquids of liquid A, liquid B and liquid C may be prepared at room 
temperature, but may be prepared by heating. Each temperature at the time 
of mixing is preferably not more than 100°C, and more preferably not more 
25 than 80°C. By preparing mixed liquids of liquid A, liquid B and liquid C at 
such a temperature range, a catalyst having a high activity can be obtained. 
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In addition, the heating time is not particularly limited and may be determined 
appropriately. 

In the case that the liquids A, B and C do not contain copper or 
element Y, any method may be employed, such as a method in which copper 
5 or the element Y is added to the mixed liquid AB in which liquid A and liquid 
B are mixed and the obtained liquid is mixed with liquid C; a method in which 
copper or the element Y is added to the mixed liquid AC in which liquid A and 
liquid C are mixed and the obtained liquid is mixed with liquid B; a method in 
which copper or the element Y is added to the mixed liquid BC in which liquid 

10 B and liquid C are mixed and the obtained liquid is mixed with liquid A; or a 
method in which copper or the element Y is added to the mixed liquid ABC 
prepared according to the above-mentioned method. Of these, however, 
the method of mixing copper or the element Y after preparing the mixed liquid 
ABC or the mixed liquid AB is preferable. Here, it is particularly preferable 

15 to add copper or the element Y by dissolving or suspending these catalyst 
raw materials in a solvent. As the catalyst raw materials of copper and the 
element Y, a nitrate, a carbonate or a hydroxide of each element can be used 
by selecting appropriately. For example, as the raw material of copper, 
copper nitrate and copper oxide can be used. 

20 When an element X is to be incorporated in the catalyst composition, a 

method of adding a raw compound of the element X to the liquid A is 
preferable. As the raw material of element X, a nitrate, a carbonate, an 
oxide or a hydroxide of each element can be used by selecting appropriately. 
<Drying and Calcination> 

25 In the next step, the thus obtained solution or slurry containing all the 

catalyst raw materials is dried to give a dried catalyst precursor. 
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As the drying method, various methods such as evaporation to 
dryness method, a spray drying method, a drum drying method and a flash 
drying method can be employed. The types of the dryer used for drying and 
the temperature and the time for drying are not particularly limited, and an 
5 aimed dried catalyst precursor can be obtained by changing the drying 
conditions. 

The thus obtained dried catalyst precursor is pulverized if necessary 
and may be subjected to the subsequent calcination without molding, but 
usually a molded product is calcined. 

10 The molding method is not particularly limited and a various known 

dry- or wet-molding methods can be employed, and it is preferable to conduct 
molding without adding a carrier such as silica. Concrete methods of 
molding include, for example, tablet molding, compression molding, extrusion 
molding and granulation molding. The shape of the molded product is not 

15 particularly limited and for example, desired shapes such as a column, a ring 
or a ball may be selected. 

In the molding, known additives such as graphite and talc may be 
added in small amounts. 

The thus obtained dried catalyst precursor or a molded product thereof 

20 is subjected to calcination to obtain a catalyst for the production of 
methacrylic acid. 

The method of calcination and the conditions of calcination are not 
particularly limited and known methods and conditions can be employed. 
The optimal calcination conditions are different depending on the catalyst raw 
25 materials to be used, the catalyst composition and the preparation method, 
but the calcination is usually conducted under a stream of oxygen-containing 
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gas such as air or inert gas at 200 to 500°C, preferably 300 to 450°C for not 
less than 0.5 hour, preferably 1 to 40 hours. Here, the inert gas refers to a 
gas that does not reduce the reactivity of the catalyst and specific examples 
thereof include nitrogen, carbon dioxide gas, helium and argon. 
5 <Method of Producing Methacrylic Acid> 

Next, the method of producing methacrylic acid of the present 
invention is described. The method of producing methacrylic acid of the 
present invention comprises subjecting methacrolein to vapor phase catalytic 
oxidization with molecular oxygen in the presence of a catalyst of the present 
1 0 invention obtained as described above. 

The reaction is usually carried out on a fixed bed. The catalyst layer 
may be one or more, and the catalyst may be held on a carrier or may be 
added other additive components . 

When producing methacrylic acid using the catalyst of the present 
15 invention described above, a material gas containing methacrolein and 
molecular oxygen is contacted with the catalyst. 

The concentration of methacrolein in the material gas may be varied in 
a wide range, but it is usually 1 to 20% by volume, more preferably 3 to 10% 
by volume. 

20 As the source of molecular oxygen, it is economical to use air but air 

enriched with pure oxygen may also be used where necessary. The 
concentration of molecular oxygen in the material gas is usually 0.4 to 4 
moles, and more preferably 0.5 to 3 moles relative to 1 mole of methacrolein. 
A material gas in which methacrolein and molecular oxygen source are 
25 diluted by inert gas such as nitrogen or carbon dioxide gas may also be used. 
In addition, steam may be added to the material gas. When the 



- 13- 



reaction is conducted in the presence of water, methacrylic acid can be 
obtained at a higher yield. The concentration of steam in the material gas is 
preferably 0.1 to 50% by volume, and more preferably 1 to 40% by volume. 

The material gas may contain a small amount of impurities such as 
5 lower saturated aldehyde, but the amount is preferably as small as possible. 

The reaction pressure employed in the reaction for producing 
methacrylic acid is from atmospheric pressure to several atmospheric 
pressures. Generally, the reaction temperature can be selected within the 
range of 230 to 450°C, more preferably 250 to 400°C. 
10 The flow rate of the material gas is not particularly limited but it is 

usually adjusted so that the contact time of the material gas and the catalyst 
is preferably 1 .5 to 15 seconds, more preferably 2 to 5 seconds. 

The mechanism which improves the performance of the catalyst 
obtained by the production method of the present invention is not clear, but 
15 the reason is assumed to be because a crystal structure which enables high 
yield production of methacrylic acid is formed by controlling the method of 
mixing the raw materials of the catalyst and the amount of ammonia and/or 
ammonium containing compound in the liquid A and liquid B to a specified 
amount. 

20 In the following, the present invention is explained in more detail with 

reference to Examples and Comparative Examples, but the present invention 

is not limited to these Examples. 

M Part(s)" in Examples and Comparative Examples mean M part(s) by 

mass". The composition of the catalyst was determined based on the 
25 amount of charge of raw materials of the catalyst components. The analysis 

of the material gas for the reaction and the product was conducted by using 
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gas chromatography. Further, the amount of ammonia and ammonium in 

the liquid was measured by a Kjeldahl method. 

The conversion of methacrolein, the selectivity of the produced 

methacrylic acid and the one pass yield of methacrylic acid are defined as 
5 follows. 

Conversion of methacrolein (%) = (B/A) x 100 
Selectivity of methacrylic acid (%) = (C/B) x 100 
One pass yield of methacrylic acid (%) = (C/A) x 100 
Where, symbol A represents the number of moles of supplied 
10 methacrolein, symbol B represents the number of moles of reacted 

methacrolein and symbol C represents the number of moles of produced 

methacrylic acid. 

[Example 1] 

(Preparation of Liquid A) 

15 To 200 parts of pure water were added 1 00 parts of molybdenum 

trioxide, 6.68 parts of 85% by mass phosphoric acid, 2.63 parts of vanadium 
pentaoxide and 2.74 parts of 60% aqueous arsenate solution and stirring was 
conducted for 5 hours under reflux to prepare 312.05 parts of liquid A. The 
amount of ammonium contained in the liquid A was 0 mol relative to 12 mol 

20 of the molybdenum atoms contained in the liquid A. 
(Preparation of Liquid B) 

39.44 parts of 25% by mass aqueous ammonia was used as liquid B. 
The amount of ammonium contained in the liquid B was 10.0 mol relative to 
12 mol of the molybdenum atoms contained in the liquid A. 

25 (Preparation of Liquid C) 

13.54 parts of cesium nitrate was dissolved in 28.43 parts of pure 
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water to prepare 41 .97 parts of liquid C. 
(Mixing of Liquid A, Liquid B and Liquid C) 

After cooling the liquid A to 50°C, the liquid C was added to the liquid A 
for 5.5 minutes with stirring, and stirring was conducted for 10 minutes to 
5 prepare a mixed liquid AC. Then, the temperature of the liquid AC was 

increased to 70°C and the liquid B was added to the liquid AC for 3 minutes 
to prepare a mixed liquid ABC and stirring was conducted for 90 minutes. 

With stirring the thus obtained liquid ABC at a liquid temperature of 
70°C, thereto were added a solution in which 2.80 parts of cupric nitrate was 
10 dissolved in 5.60 parts of pure water and a solution in which 1.18 parts of 
- ferric nitrate was dissolved in 2.36 parts of pure water to prepare a slurry 
containing a catalyst precursor. 

The slurry containing a catalyst precursor was heated to 101°C and 
subjected to evaporation to dryness with stirring. The obtained solid was 
15 dried at 130°C for 16 hours and the dried product was compression-molded 
and calcined under air stream at 380°C for 12 hours to obtain a catalyst. 
The composition of the obtained catalyst was: 
Pi 0Mo12Va5Cu0.2Fe0.05As0.2Cs1 .2- 
(Synthesis Reaction of Methacrylic Acid) 
20 A reaction tube was charged with the catalyst and a mixed gas 

containing 5% of methacrolein, 10% of oxygen, 30% of steam and 55% of 
nitrogen (here, "%" means "% by volume") was passed under atmospheric 
pressure at a reaction temperature of 290°C for a contact time of 3.6 sec. 
The results are shown in Table 1 . 
25 [Example 2] 

Preparation of the catalyst and the reaction were carried out in the 
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same manner as in Example 1 except that the mixing time of the liquid B in 
Example 1 was changed to 8 minutes. The results are shown in Table 1 . 
[Example 3] 

Preparation of the catalyst and the reaction were carried out in the 
5 same manner as in Example 1 except that the mixing time of the liquid B in 
Example 1 was changed to 13 minutes. The results are shown in Table 1 . 
[Example 4] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 3 except that the mixing time of the liquid C in 
1 0 Example 3 was changed to 35 minutes. The results are shown in Table 1 . 
[Example 5] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 except that the mixing time of the liquid B in 
Example 1 was changed to 1 minute. The results are shown in Table 1. 
15 [Example 6] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 except that in Example 1, 29.58 parts of 25% 
by mass aqueous ammonia was used as liquid B (the amount of ammonium 
contained in the liquid B was 7.5 mol relative to 12 mol of the molybdenum 
20 atoms contained in the liquid A) and the mixing time of the liquid B was 
changed to 1 .5 minutes. The results are shown in Table 1 . 
[Example 7] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 except that in Example 1 , 55.21 parts of 25% 
25 by mass aqueous ammonia was used as liquid B (the amount of ammonium 
contained in the liquid B was 14.0 mol relative to 12 mol of the molybdenum 
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atoms contained in the liquid A) and the mixing time of the liquid B was 
changed to 4.0 minutes. The results are shown in Table 1 . 
[Example 8] 

Preparation of the catalyst and the reaction were carried out in the 
5 same manner as in Example 1 except that the mixing time of the liquid C in 
Example 1 was changed to 0.8 minute. The results are shown in Table 1 . 
[Comparative Example 1] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 except that the mixing time of the liquid B in 
10 Example 1 was changed to 0.05 minute. The results are shown in Table 1 . 
[Comparative Example 2] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 except that the mixing time of the liquid B in 
Example 1 was changed to 20 minutes. The results are shown in Table 1 . 
1 5 [Example 9] 

(Preparation of Liquid A) 

To 300 parts of pure water were added 100 parts of molybdenum 
trioxide, 7.34 parts of 85% by mass phosphoric acid, 6.10 parts of ammonium 
metavanadate and 0.60 parts of germanium dioxide and stirring was 
20 conducted for 8 hours under reflux to prepare 414.04 parts of liquid A. The 
amount of ammonium contained in the liquid A was 0.9 mol relative to 12 mol 
of the molybdenum atoms contained in the liquid A. 
(Preparation of Liquid B) 

45.36 parts of 25% by mass aqueous ammonia was used as liquid B. 
25 The amount of ammonium contained in the liquid B was 11.5 mol relative to 
12 mol of the molybdenum atoms contained in the liquid A. 
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(Preparation of Liquid C) 

19.10 parts of 50% cesium hydroxide was dissolved in 38.20 parts of 
pure water to prepare 57.30 parts of liquid C. 60% by mass of the liquid C 
was used as liquid CI (34.38 parts) and 40% by mass of the liquid C was 
5 used as liquid Cll (22.92 parts). 

(Mixing of Liquid A, Liquid B and Liquid C) 

After cooling the liquid A to 60°C, the liquid CI was added to the liquid 
A for 2.5 minutes with stirring, and stirring was conducted for 10 minutes to 
prepare a mixed liquid ACI. The liquid B was added to the liquid ACI for 2 
10 minutes to prepare a mixed liquid ABCI and stirring was conducted for 10 

minutes. Further, the liquid Cll was added to the liquid ABCI for 1 .5 minutes 
to prepare a mixed liquid ABC. 

With stirring the thus obtained liquid ABC, thereto were added a 
solution in which 1 .40 parts of cupric nitrate was dissolved in 2.80 parts of 
1 5 pure water and a solution in which 3.44 parts of zinc nitrate was dissolved in 
3.44 parts of pure water and stirring was conducted for 30 minutes to prepare 
a slurry containing a catalyst precursor. 

The slurry containing a catalyst precursor was heated to 101°C and 
subjected to evaporation to dryness with stirring. The obtained solid was 
20 dried at 130°C for 16 hours and the dried product was subjected to pressing 
and calcined under air stream at 375°C for 10 hours to obtain a catalyst. 
The composition of the obtained catalyst was: 
Pi .1 M012V0.9CU0.1 Geo.1Zno.2Cs1 .1 . 

The results of the reaction conducted using this catalyst in the same 
25 manner as in Example 1 are shown in Table 1 . 
[Example 10] 
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Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 9 except that in Example 9, the mixing time of 
the liquid CI was changed to 13 minutes and the mixing time of the liquid Cll 
was changed to 0.6 minute. The results are shown in Table 1 . 
5 [Comparative Example 3] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 9 except that the mixing time of the liquid B in 
Example 9 was changed to 40 minutes. The results are shown in Table 1 . 
[Example 11] 
1 0 (Preparation of Liquid A) 

To 400 parts of pure water were added 100 parts of molybdenum 
trioxide, 8.88 parts of 85% by mass phosphoric acid, 4.74 parts of ammonium 
metavanadate and 4.1 1 parts of 60% aqueous arsenic acid solution and 
stirring was conducted in an autoclave under saturated vapor at 120°C for 3 
1 5 hours to prepare 51 7.7 parts of liquid A. The amount of ammonium 

contained in the liquid A was 0.7 mol relative to 12 mol of the molybdenum 
atoms contained in the liquid A. 
(Preparation of Liquid B) 

37.0 parts of ammonium carbonate was dissolved in 80 parts of pure 
20 water to prepare 1 1 7.0 parts of liquid B. The amount of ammonium 

contained in the liquid B was 9.2 mol relative to 12 mol of the molybdenum 
atoms contained in the liquid A. 
(Preparation of Liquid C) 

18.0 parts of cesium bicarbonate was dissolved in 30 parts of pure 
25 water to prepare 48.0 parts of liquid C. 

(Mixing of Liquid A, Liquid B and Liquid C) 
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After cooling the liquid A to 60°C, the liquid B was added to the liquid A 
for 2.5 minutes with stirring, and stirring was conducted for 15 minutes to 
prepare a mixed liquid AB. The amount of ammonium species in the lilquid 
AB was 14 mol relative to 12 mol of the molybdenum atoms. Then, a 
solution in which 1.40 parts of cupric nitrate was dissolved in 10 parts of pure 
water, a solution in which 2.34 parts of ferric nitrate was dissolved in 10 parts 
of pure water and 1 .00 part of cerium oxide were added in sequence and with 
stirring the mixture, the liquid C was added dropwise for 7.5 minutes, and 
stirring was conducted for 15 minutes to prepare a slurry. 

The slurry containing a catalyst precursor was heated to 101°C and 
subjected to evaporation to dryness with stirring. The obtained solid was 
dried at 130°C for 16 hours and the dried product was subjected to pressing, 
calcined under nitrogen stream at 400°C for 5 hours and further calcined 
under air stream at 340°C for 10 hours to obtain a catalyst. The 
composition of the obtained catalyst was: 

Pi 3MO12V0.7CU01 Feo.lASo.3Ceo.1CSl .6. 

The results of the reaction conducted using this catalyst in the same 
manner as in Example 1 are shown in Table 1 . 
[Comparative Example 4] 

Preparation of the catalyst and the reaction were carried out in the 
same manner as in Example 1 1 except that in Example 1 1, the mixing time of 
the liquid B was changed to 30 minutes and the mixing time of the liquid C 
was changed to 35 minutes. The results are shown in Table 1 . 
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Industrial Applicability 
The catalyst for the preparation methacrylic acid obtained by the 
present invention is a catalyst which has a high conversion rate of 
5 methacrolein which is the raw material and high selectivity of methacrylic acid, 
and in particular, is excellent in single flow yield of methacrylic acid. In 
addition, since such excellent catalyst can be obtained by an extremely 
simple method of specifying the mixing time of the liquid B, no large 
modification of the operational process is necessary and the method can be 
1 0 readily applied to the current production processes. 
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